Based on the results of the comparative analysis concerning relatedness and evolutional difference of the 16S-23S nucleotide sequences of the middle ribosomal cluster and 23S rRNA I domain, and based on identification of phylogenetic position for Chlamydophila pneumoniae and Chlamydia trichomatis strains released from monkeys, relatedness of the above stated isolates with similar strains released from humans and with strains having nucleotide sequences presented in the GenBank electronic database has been detected for the first time ever. Position of these isolates in the Chlamydiaceae family phylogenetic tree has been identified. The evolutional position of the investigated original Chlamydia and Chlamydophila strains close to analogous strains from the Gen-Bank electronic database has been demonstrated. Differences in the 16S-23S nucleotide sequence of the middle ribosomal cluster and 23S rRNA I domain of plasmid and nonplasmid Chlamydia trachomatis strains released from humans and monkeys relative to different genotype groups (group B-B, Ba, D, Da, E, L1, L2, L2a; intermediate group-F, G, Ga) have been revealed for the first time ever. Abnormality in incA chromosomal gene expression resulting in Chlamydia life development cycle disorder, and decrease of Chlamydia virulence can be related to probable changes in the nucleotide sequence of the gene under consideration
Introduction
Chlamydia is obligate intracellular bacteria that replicate only in the cytoplasmic inclusions of the eukaryotic host cells. They are grouped in the Chlamydiales order, Chlamydieceae family; they comprise two kinds, Chlamydia and Chlamydophila, which in turn consist of nine species subdivided into groups depending on whether they cause pathological conditions in human beings. The group of pathogens that infect humans includes the most commonly diagnosed species Chlamydia trachomatis and the least frequent Chlamydophila pneumoniae (formerly Chlamydia pheumoniae); the very rare species Chlamydophila psittaci (formerly Chlamydia psittaci) causes disease in birds. Chlamydophila abortus (formerly Chlamydia abortus) causes miscarriages while Chlamydophila felis causes pneumonia in cats. The species that have never been found to cause medical conditions in humans include: Chlamydophila caviae (formerly Chlamydia caviae) that causes conjunctivitis in guinea pigs, Chlamydophila pecorum (formerly Chlamydia pecorum), Chlamydia suis (formerly Chlamydia trachomatis) that causes disease in pigs, Chlamydophila 2 Infectious Diseases in Obstetrics and Gynecology pecorum (formerly Chlamydia pecorum), and Chlamydia suis (formerly Chlamydia trachomatis), which causes disease in mice [1] [2] [3] .
In the past the following criteria were used to differentiate between species: the morphology of inclusions, sensitivity to sulfadiazine, ability to synthesise and accumulate glycogen in chlamydial inclusions, and estimates of the DNA-DNA homology. Thus, Chlamydia trachomatis that belongs to the Chlamydia genus and Chlamydophila psittaci that belongs to the Chlamydophila genus were the first two species to be differentiated on the basis of differences in the morphology of inclusions, glycogen synthesis, and sensitivity to sulfadiazine. All chlamydia-like bacteria were classified as either Chlamydia trachomatis or Chlamydia psittaci (Chlamydophila psittaci) of the Chlamydiales order depending on their morphology and development cycle. Strains of Chlamydia trachomatis were identified on the basis of their ability to accumulate glycogen in inclusions and their sensitivity to sulfadiazine; strains of Chlamydia psittaci were those that lacked the ability to accumulate glycogen and could not resist sulfadiazine [1, 4] . The Chlamydophila pneumoniae species was identified as Chlamydophila psittaci because it had similar phenotypic characteristics such as the density of inclusions, inability to synthesise glycogen, and resistance to sulfadiazine. However, later on Chlamydophila pneumoniae was recognised as a separate species as it exhibited ultrastructural differences in the morphology of elementary bodies and DNA-DNA homology compared to other chlamydia [5] . The fourth species to be recognised as a species different from Chlamydophila psittaci (Chlamydia psittaci) in its phenotypic characteristics was Chlamydophila pecorum [2] .
The modern classification of bacterial species has been revised and at the moment it is based on genetic methods of estimating the DNA-DNA and rRNA-DNA homologies and comparing the results of sequencing the 16S and 23S sections of rRNA, using the multipoint mapping sequencing method [1, 3, [5] [6] [7] [8] [9] [10] [11] [12] [13] .
Of all the molecular analysis methods available, comparative sequencing of rRNA or ribosomal DNA is most suitable for studying the phylogeny of chlamydia, which are microorganisms with similar phenotypes. When studying the phylogeny of chlamydia we primarily analyse the sequences 16S-23S in rRNA and 23S rRNA genes. All species of chlamydia are classified as members of the Chlamydiaceae family if the homology of the 16S rRNA gene is more than 90% [12, 14] . Other groups of chlamydia-like organisms exhibit a homology of the 16S rRNA gene with chlamydia of more than 80%. These include strain Simkania Z [8] , strain Hall's coccus [7] , and strain Candidatus, that is a close relative of Parachlamydia acanthamoebae [6] , which were all obtained from amoebas and were previously interpreted as rickettsia. These bacteria were classified as members of the Chlamydiales order because they are obligate intracellular microorganisms with a development cycle similar to that of chlamydia. Studying the homology of the 16S rRNA gene in chlamydia-like organisms may result in the discovery of new groups of organisms, or new strains of chlamydia, which will be classified as Chlamydiales. There are many very known strains of Chlamydophila psittaci, Chlamydia trachomatis, and Chlamydophila pneumoniae obtained from birds, animals, and humans, the sequencing of whose rRNA is described in sundry papers and books [1, 4, 12, 15] . However, nobody has ever had sequences and carried out a phylogenetic analysis of the strains Chlamydia trachomatis and Chlamydophila pneumoniae obtained from monkeys, which would have determined if they were related to the human strains of chlamydia.
The purpose of this study is to carry out a phylogenetic analysis of the 16S-23S midribosome section and the I 23S domain of rRNA in the strains of chlamydia obtained from monkeys and humans suffering from pathologies caused by chlamydia.
Materials and Methods
We studied two strains of chlamydia obtained from the cervical canal of monkeys. One of the strains did not have plasmids (Chlamydia trachomatis-NPL) and the other had them (Chlamydia trachomatis-PL); this latter strain was obtained from the lungs of a monkey that died from pneumonia (Chlamydophila pneumoniae-PN); the plasmid carrying strain Chlamydia trachomatis-PL2 obtained from the cervical canal of a human being and the strain Chlamydophila pneumoniae-PN2 obtained from the mouth of a human being [16, 17] The midribosome section of the 16S-23S rRNA genes (include domain I) was amplified and sequenced using purpose-built oligonulceotides: forward primer: 16SF2 5 -CCG CCC GTC ACA TCA TGG-3 , forward primer:  IGSIGF 5 -ATA ATA ATA GAC GTT TAA GA-3 , and  reverse primer: 23R 5 -TAC TAA GAT GTT TCA GTT C-3 [4] .
Amplification was carried out in a 40 mcl mixture comprising: PCR Buffer (×10) : 700 mM Tris-HCl, pH 8.6/25
• C, 166 mM (NH 4 ) 2 SO 4, 25 mM MgCl 2, 0.2 mM dNTPs, and 2.5 U Taq-polymerase, using a GeneAmp 2700 amplifier (Applied Biosystems, US). The size of the products of amplification with primers 16SF2 and 23R, IGSIGF and 23R was 602 and 276 pairs of nucleotides, respectively.
The section with the primers 16SF2 and 23R was amplified under the following conditions: 95
• C for 3 minutes, then 40 cycles: 94
• C for 20 seconds, 55
• Cfor 20 seconds., 72
• Cfor 20 seconds, and 72
• Cfor 3 minutes and finally cooling to 6
• C with subsequent storage at 10 • Cfor 15 seconds, and finally 72 • Cfor 2 minutes followed by cooling to 6
• C with subsequent storage at 10 • C. Following the amplification 6 mcl of the sample was mixed with a 6-unit buffer for loading and then loaded into a 1.5% agarous gel (0.5 mkg/ml EBR). Electrophoresis was conducted at 50 A, 100 V per 1 cm 2 for 30 minutes.
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The amplification products were visualised on an ECX-20L transilluminator (Vilber Lourmat, Germany), using a Gel Imager electrophoresis result registration system (Helicon, Russia).
The nucleotide sequence of the fragments was determined using an ABI Prism 3100 Genetic Analyzer (Applied Biosystems, US) and a BigDye Terminator v3. Sequencing was done using both forward primers (16SF2 5 -CCG CCC GTC ACA TCA TGG-3 , IGSIGF 5 -ATA-ATA ATA GAC GTT TAA GA-3 ), and reverse primers (23R 5 -TAC TAA GAT GTT TCA GTT C-3 ), to get more specific results. The results of the sequencing of fragments were analysed and compared with reverse primer sequencing using the Vector NTI Advance 9.0 (PC) software package (http://www.invitrogen.com/site/us/en/home.html).
The nucleotide sequences 16S-23S of the rRNA genes obtained in the experiment were analysed using MEGA (Molecular Evolutionary Genetics Analysis) version 4.1 (http://www.megasoftware.net/) [18] . Multiple straightening of the nucleotide sequences of the analysed strains and isolated sections of RNA was done with other nucleotide sequences of the RNA of different species of chlamydia available in the GenBank NCBI database. Genetic relation was analysed and phylogenetic trees were constructed using the MEGA 4.1 programme employing the Neighbour-Joining method, based on the p-distance model doing a Bootstrap Test of Phylogeny (1000 repetitions) and the Maximum Parsimony method. The degree of homology in the 16S-23S sequences of the midribosome section and domain I of the 23S rRNA gene of the studied strains with different species of chlamydia published in GenBank NCBI were analysed using BLAST (http://blast.ncbi.nlm.nih.gov/Blast.cgi/).
Phylogenetic analysis of the 16S-23S midribosome section and domain I of the 23S rRNA gene was carried out and tree diagrams were built in comparison with representatives of the Chlamydiales order found in GenBank NCBI (http://www.ncbi.nlm.nih.gov/Genbank/): Chlamydophila abortus EBA (U76710), Chlamydophila psittaci 6BC (U68447), Chlamydophila psittaci NJ1 (U68419), Chlamydophila caviae GPIC (D85708), Chlamydophila felis FP Baker (U68457), Chlamydophila pneumoniae N16 (U68426), Chlamydophila pneumoniae TW-183 (U76711), Chlamydophila pecorum E58 (U68433), Chlamydophila pecorum IPA (U68434), Chlamydia trachomatis A/Har-13 (U68438), Chlamydia trachomatis B/TW-5/OT (68440), Chlamydia trachomatis D/UW-3/CX (U68441), Chlamydia trachomatis L2/434/BU (U68443), Chlamydia suis R22 (U68420), Chlamydia suis S45 (U73110), Chlamydia muridarum MoPn (U68436), and Chlamydia muridarum SFPD (U68437). Of these chlamydia strains the following are well-documented plasmid carriers: Chlamydophila psittaci 6BC-pCpA1 [19, 20] , Chlamydophila pneumoniae N16-pCpnE1 [19, 20] , Chlamydia trachomatis B/TW-5/OT-pCTT1 [21] , Chlamydia trachomatis D/UW-3/CXpCHL1 [22] , Chlamydophila felis-pCfe1 [23] , Chlamydophila caviae GPIC-pCpGP1 [24] , Chlamydia trachomatis A/Har-13-pCTA [25] , Chlamydia trachomatis L2/434/BUpL2 [26] , Chlamydia muridarum MoPn-pMoPn [27] . Information about sequenced plasmids is also found in GenBank NCBI. MEGA 4.1 software packaged was used to estimate the evolutionary difference between the sequences and the standard estimation error(s) for the c I of chlamydia. Variation statistics methods based on calculating the arithmetic mean and standard error (M ± m) [28] were used to mathematically process the difference in the homology of the studied strains Chlamydia trachomatis (NPL, PL, PL2, and PL3) and Chlamydophila pneumoniae (PN, PN2, and B) with the strains of chlamydia found in GenBank NCBI. All mathematical processing was done in Microsoft Excel 2007.
Results and Discussion
Our previous studies established that the strain Chlamydia trachomatis-NPL obtained from monkeys does not have any plasmids. This strain is less virulent than the plasmidcarrying strains Chlamydia trachomatis-PL and Chlamydia trachomatis-PL2, isolated from humans and the reference strain Chlamydia trachomatis-Burkhan (Chlamydia trachomatis-PL3) [16, 17] . Plasmids contain a gene that codes for the membrane protein pgp3 in chlamydia; this protein plays a role in the immune response of the organism to pathogens by inducing the generation of inflammatory cytokines in the macrophages and activating an inflammatory reaction [29] . Plasmids also play a dominant role in the accumulation of glycogen in chlamydia inclusions, which is explained by the presence in plasmids of sequences specific chromosome genes (pgi, mrsA1, glgA, glgB, glgX, and glgP) responsible for the metabolism of glycogen and performing the function of their transcription regulator. The Chlamydia trachomatis strains that do not carry the critical plasmid cause asymptomatic development of the disease (one was obtained from a patient suffering from proctocolitis and characterised as an L2 serotype L2 [30] , another was taken from a patient suffering from asymptomatic urethritis and characterised as serovar B [31] , a third clinical isolate, C599 was taken from the urethra of a patient with an asymptomatic condition and after being sequenced was characterised as serovar E/Bour [32] ). 50% of the time an infecting dosage of a strain not carrying a plasmid is 400 times the dose of a plasmid-carrying strain [33] . While the majority of the Chlamydia trachomatis strains obtained from humans carry plasmids, 54% of the strains obtained from monkeys do not have plasmids. This explains the fact that monkeys suffering from chlamydia-caused conditions present with less clear symptoms than humans [17] .
The cultivation of Chlamydia trachomatis strains in cells is accompanied either by the formation of multiple intracellular chlamydia inclusions or by the emergence of one big inclusion. This is first of all related to the expression of the incA gene at the level of the IncA protein (family of Inc-proteins-IncA, IncB, IncC, IncE, and IncG), which is part of the composition of the membrane inclusions and is responsible for vacuolisation. If there is no expression of this gene at all, the chlamydia inclusions multiply [34, 35] . The IncA protein has a function in the formation of secondary inclusions that allow chlamydia to form intracellular recesses where they can grow and continuously infect the cells forming after the division of the mother cell [36] . When the plasmid-free strain Chlamydia trachomatis-NPL-genotype E cultivates multiple intracellular chlamydia inclusions (vacuoles) are observed inside the cell while in the case of the plasmid-carrying strains Chlamydia trachomatis-PL (obtained from monkeys) and Chlamydia trachomatis-PL2 (obtained from humans), which are G genotype, one big intracellular chlamydia inclusion forms [16] .
Genotyping the Chlamydia trachomatis strains established that the strains obtained from monkeys were primarily genotypes E (42.3%) and G (57.7%); the plasmid carrying strain Chlamydia trachomatis-PL has genotype G; [9, 11, 37] . Comparative analysis of the homology was carried out and the evolutionary difference in the known sequences 15S-23S of the middle ribosome section and domain I of the 23 rRNA gene of different types of chlamydia was estimated, with comparisons being made with the strains being studied (Tables 1 and 2 ). The nucleotide sequences of the sequenced fragment of the plasmid-free strain Chlamydia trachomatis-NPL have a 99% homology and an evolutionary difference between the sequences of 0.672 to 0.690 (s = 0.019) compared with the strains Chlamydia trachomatis (A/Har-13, B/TW-5/OT, D/UW-3/CX), but it exhibits the greatest homology with Chlamydia trachomatis L2/434/BU (100%). In this case the difference between the sequences is 0 (s = 0), which means that the sequences of the strains NPL and L2/434/BU are the same despite the fact that NPL has no plasmid. This confirms the previously established similarity between strains that have no plasmid and those that have it [33] . With regard to other species of chlamydia the difference in homology exhibited by NPL was 15.92 ± 7.04%, the difference in the sequences is 0.690 to 0.755 (s = 0.018-0.019). The plasmid-carrying strains Chlamydia trachomatis-PL obtained from monkeys and Chlamydia trachomatis-PL2 obtained from humans are 98%-99% homologous with Chlamydia trachomatis (plasmid carrying strains), with the difference in the sequences being 0.016 to strain obtained from humans, while the plasmid-free strain NPL is closer to the reference NPL strain, but nevertheless this still could not be put in different clusters when the phylogenetic tree found in Figures 1 and 3 was constructed. Additionally, we also estimated the nucleotide sequence 16S-23S of the middle ribosome section and domain I of the 23S rRNA gene of the studied plasmid-carrying and plasmidfree strains Chlamydia trachomatis to get a better estimate of the aforementioned evolutionary difference in the nucleotide sequences between these strains (Figures 4-6 ). When comparing the monkey strains Chlamydia trachomatis-PLgenotype G and Chlamydia trachomatis-NPL-genotype E, a difference was identified inside a section of 483 nucleotide pairs in length (Figure 4) . A similar tendency was found when Chlamydia trachomatis-PL2-genotype G (human) was compared with Chlamydia trachomatis-NPL-genotype E (monkey), where differences can be observed in a section of 197 nucleotide pairs in length ( Figure 5 ). When Chlamydia trachomatis-PL2 (human) was compared with Chlamydia trachomatis-PL (monkey), isolated differences were found g c t g a a n n c c n n n n t n t g g t t g a n g g t a c t a c a c t n g c c c g c c g n n n g g a a n c c g n n n n n a g a g g n n n c n n n n n c a a n n t n a g t n ------t  t  --a  ,  ,  t  -t  -------g  -----------,  --------a  g  t  ----c  ---c  g  g  a  g  -----g  a  a  -g  c  c  ,  ,  ---c  ,  -c  ---t  ------,  ,  --,  g  g  ,  -a  -------,  -----------g  --------g  a  c  ----t  ---t  t  a  c  c  -----c  t  t  -a  a  ,  t  t  ---,  t  -g  ---g 
a n n n n n n n n n n n n n n n n g g t n g g g g t g n a a g g c -- g c t g a a n n c c n n n n t n t g g t t g a n g g t a c t a c a c t n g c c c g c c g g a n n g g a a n c c g n n n n n n n n n n g a n n n n n c a a n t n a g t n - (within a section 462 nucleotide pairs in length); both strains are genotype G ( Figure 6 ). The studied strains of the Chlamydophila pneumoniae species (PN, PN2 and B) exhibit a 98% and 99% homology with Chlamydophila pneumoniae N16 and Chlamydophila pneumoniae TW-183, respectively. The evolutionary differences between the sequences of the strains PN2, B, TW-183, and N16 are between 0.066 and 0.128 (s = 0.010-0.014); between the monkey strain PN and TW-183 it makes 0.002 (s = 0.002) with a homology of 99%; between PN and N16 it makes 0.190 (s = 0.016) with a homology of 98%. Thus PN2, B, and PN are close to Chlamydophila pneumoniae TW-183 in terms of homology and evolutionary differences between their nucleotide sequences. The difference in homology between PN2, B, PN, and other species is as follows: PN2: 6.0 ± 2.75%; B: 13.66 ± 3.73%; and PN: 13.73 ± 3.78%; the evolutionary difference between the nucleotide sequences varies from 0.545 to 0.719 (s = 0.019-0.021). Estimating g  t  t  g  c  t  g  a  a  t  t  c  c  a  t  t  t  t  g  g  t  t  g  a  g  g  g  t  a  c  t  a  c  a  c  t  g  c  c  c  g  c  c  a  g  t  c  g  g  a  g  t  g  g  a  a  c  c  c  g  c  g  g  a  g  a  g  a  g  g  g  a  a  c  g  c  c  c  a  a  c  t  c  a  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------t The homology between strain Chlamydophila pneumonia: PN, isolated from monkeys, and human strains of Chlamydophila pneumoniae amounted to 98%-99%; plasmid-free strain Chlamydia trachomatis: NPL was completely identical to Chlamydia trachomatis L2/434/BU (homology 100%), plasmid-carrying strain Chlamydia trachomatis: PL both with human and with known Chlamydia trachomatis strains from GenBank NCBI had 98%-99% homology, human Chlamydophila pneumoniae strains (PN2 and B) and Chlamydophila pneumoniae TW-183%: 99%; strains Chlamydia trachomatis (PL2, PL3) were homologous to Chlamydia trachomatis representatives (98%-100%).
In order to examine the relationship between plasmidfree Chlamydia trachomatis-NPL and strains of Chlamydia genus phylogenetically, the dendrogram was designed (p. 1), it shows that the strain is a representative of Chlamydia trachomatis species and is included into one cluster with Chlamydia trachomatis L2/434/BU.
The phylogenetic tree of examined plasmid-carrying Chlamydia trachomatis strains isolated from humans and The phylogenetic tree of Chlamydophila pneumoniae strains (PN, PN2, and B) with strains from Chlamydia genus (p. 2) reflects the relationship between strains PN isolated from monkeys, with strain, isolated from humans (PN2), reference strain Chlamydophila pneumoniae-B and strains Chlamydophila pneumoniae TW-183, Chlamydophila pneumoniae N16. Strain PN is included into one subcluster with Chlamydophila pneumoniae TW-183, this fact suggests that the strain is a member of Chlamydophila pneumoniae species, in one cluster with Chlamydophila pneumoniae-PN2 and Chlamydophila pneumoniae-B, which are in one subcluster according to evolutional discrepancy.
Phylogenetic analysis of strains Chlamydophila pneumoniae and Chlamydia trachomatis, isolated from monkeys, showed that these strains are really the members of Chlamydophila genus and Chlamydia genus according to general location in clusters on dendrograms with analogical human strains.
Considering the phylogenetic aspect of the relation between the plasmid-free strain Chlamydia trachomatis-NPL with strains of the Chlamydia genus, we constructed a tree diagram (Figure 1 ), which indicates that this strain is a Chlamydia trachomatis and is in the same cluster as Chlamydia trachomatis L2/434/BU. 
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The phylogenetic tree of the studied plasmid-carrying strains of Chlamydia trachomatis, obtained from humans and monkeys (PL2 and PL), including the reference strain of Chlamydia trachomatis-Burkhan (PL3), with the strain of Chlamydia is presented in Figure 1 . Strains PL, PL2, and PL3 are grouped into the same cluster with Chlamydia trachomatis (B/TW-5/OT, D/UW-3/CX, A/Har-13), but they are placed in a different cluster than L2/434/BU.
The phylogenetic tree of the strains of Chlamydophila pneumoniae (PN, PN2, and B) with strains of the Chlamydophila genus (Figure 2 ) reflects the relation between the PN strain obtained from monkeys with the PN2 strain obtained from humans, the reference strain of Chlamydophila pneumoniae-B and the strains of Chlamydophila pneumoniae TW-183, and Chlamydophila pneumoniae N16. The PN strain was place in the same subcluster with Chlamydophila pneumoniae TW-183. It is also in the same cluster with Chlamydophila pneumoniae-PN2 and Chlamydophila pneumoniae-B, which are in the same subcluster in accordance with their small evolutionary differences.
Thus phylogenetic analysis of strains of Chlamydia trachomatis and Chlamydophila pneumoniae obtained from monkeys and humans has allowed us to establish their place in the phylogenetic tree of the Chlamydiaceae family. It has been established that there is a close evolutionary relation between the studied original species of Chlamydia and Chlamydophila and similar species about which there are records in GenBank. For the first time, it has been demonstrated that there are differences in the nucleotide sequence 16S-23S of the middle ribosome section and domain I of the 23S rRNA gene of plasmid-carrying and plasmid-free strains of Chlamydia trachomatis obtained from monkeys and humans, if they have different genotypes (group B-B, Ba, D, Da, E, L1, L2, L2a; intermediary group-F, G, Ga). Malfunction of the expression of the chromosome gene incA that leads to a breakdown in the development and life cycle of chlamydia and their virulence may also be linked to possible changes in the nucleotide sequence of this gene.
